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• UNDERSTAND CONFINEMENT
• How does the nucleon stick together 

when struck by photon?
• Where is charge and magnetization 

density located? 
• Origin of angular momentum?
• What is the shape of the proton?

Why  form factors?
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What is charge density at the 
center of the neutron? 

• Neutron has no charge, but 
charge density need not vanish

• Is central density positive or 
negative?

 Fermi: n fluctuates to  
 

p at center, 
pion floats 
to edge
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 Electron scattering from a nucleon

Cross section for scattering
 from a point-like object

Form factors describing 
nucleon shape/structure

jµ=<e’|γµ|e> Jµ=<p’|Γµ|p>

Nucleon vertex:

Dirac                Pauli

1990 Nobel Prize

1961 Nobel Prize

Deep inelastic 
scattering

GE, GM Sachs 
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Interpretation of Sachs - GE(Q2) is 
Fourier transform of charge density

Correct non-relativistic:

wave function  invariant under Galilean 
transformation

-

Relativistic :  wave function is frame 
dependent, initial and final states differ
interpretation of Sachs FF is wrong

Final wave function is boosted from initial

Need relativistic treatment
Tuesday, June 23, 2009



Toy model

• Scalar meson, mass M made of two 
scalars one neutral, one charged of mass 
m, with M<2m (stable particle)

• Exact covariant calculation of form factor

On the Relationship Between Electromagnetic Form Factors and Charge Densities

Gerald A. Miller
Department of Physics, University of Washington

Seattle, Washington 98195-1560

An exact covariant simple model is used to elucidate various issues.

PACS numbers:
Keywords: Nuclear Form Factors, Nuclear Charge Densities

I. INTRODUCTION

The text-book interpretation of these form factors is that their Fourier transforms are measurements of the charge
and magnetization densities. But the initial and final nuclei have different momentum, and therefore different wave
functions. This is because the relativistic boost operator that transforms a nucleus at rest into a moving one changes
the wave function in a manner that depends on the momentum of the nucleon. The presence of different wave functions
of the initial and final nucleons invalidates a probability or density interpretation.

Infinemomentum frame method history-me carlson carlson
Nuclei are very heavy expect relativistic effects are small.
Present analysis.
A proper determination of a charge density requires that the quantity be related to the square of a wave function

or of a field operator. The technical solution to the problem of determining the relevant density operator has been
known for a long time [3], and has been elegantly explained recently[5, 6]

The charge density ρ(b) [7] of partons in the transverse plane is a two-dimensional Fourier transform of the F1 form
factor. Here we present the first phenomenological analysis of existing data to determine ρ(b) for 3He and 3H. Carlson
and M. Vanderhaeghen,V and C have done the deuteron [8].

II. EXACT FORM FACTORS USING A SIMPLE MODEL

The model Lagrangian is given by gΨφ ξ where Ψ, φ and ξ represent three scalar fields of masses M, m1 and m2

respectively and g is a coupling constant One can take two or three of these fields to carry charge to make up a system
of definite charge (including the neutral case). We begin with the case that Ψ, φ carry a single positive charge and ξ
is neutral. The form factor F (q2) for a space-like incident photon of four-momentum qµ (q2 < 0, Q2 = −q2), incident

P P+q

q

k

P!k

k+q

1

2

FIG. 1: Feynman diagram for the form factor with the photon coupling to the particle of mass m1.

Infinite momentum frame (Light 
front variables ) gives exact result

When non-relativistic approximation 
works,  Form factor is 3DFT of charge 
density.

When does non-relativistic 
approximation work?
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Validity of non-relativistic approximation:
M=2m-B, B=0.002 M,

very limited
Q2 ≤ 0.2M2

only deuteron kinematics are non-rel
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Validity of non-relativistic approximation:
M=2m-B, B=0.002 M,

very limited
Q2 ≤ 0.2M2

Relativity needed

only deuteron kinematics are non-rel

Tuesday, June 23, 2009



Rest frame charge density is not observable
1

P P+q
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Only Fig. a corresponds to measuring a density. Fig. b is hadronic part of the incident photon wave
Fig. a.

〈P + q|Jµ(0)|P 〉 = (2P + q)µF (Q2) →
g2

(2π)3

∫

d3p

2E1E1
′2E2

(pµ
1 + p′

µ
1 )

(EP − E1 − E2)(EP+q − E′
1 − E2)

, (1)

gives correct result in the infinite momentum frame (P → ∞).
Target rest frame: P = 0. Then EP =

√
P 2 + M2, EP+q =

√

(P + q)2 + M2, E1 =
√

p2 + m2, E′
1 =

√

(p + q)2 + m2. (pµ
1 + p′

µ
1 ) = [E1 + E′

1, 2p + q].
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√

(p + q)2 + m2)
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q̂J2(q
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d3p

2E1E1
′2E2

q

(EP − E1 − E2)(EP+q − E′
1 − E2)

. (4)

1

Fig. a. 〈P + q|Jµ(0)|P 〉 = (2P + q)µF (Q2) → g2

(2π)3

∫

d3p
2E1E1

′2E2

(pµ
1 +p′µ

1 )
(EP−E1−E2)(EP+q−E′

1−E2)
correct in IMF (P → ∞).

Target rest frame: (pµ
1 + p′

µ
1 ) = [E1 + E′

1, 2p + q].

I1(q
2) ≡

∫

d3p

2E1E1
′2E2

(
√

p2 + m2 +
√

(p + q)2 + m2)

(EP − E1 − E2)(EP+q − E′
1 − E2)

q̂J2(q
2) ≡

∫

d3p

2E1E1
′2E2

2p

(EP − E1 − E2)(EP+q − E′
1 − E2)

q̂J3(q
2) ≡

∫

d3p

2E1E1
′2E2

q

(EP − E1 − E2)(EP+q − E′
1 − E2)

.

(2P + q)µF (Q2) →
g2

(2π)3
[I1, q̂(J2 + J3)], qµJµ = 0? = q0I1 − |q|(J2 + J3) ≡ CC,
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(2P + q)µF (Q2) →
g2

(2π)3
[I1, q̂(J2 + J3)], qµJµ = 0? = q0I1 − |q|(J2 + J3) ≡ CC,

Curr. Cons. massively violated
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Light cone coordinates/Infinite 
momentum frame

perp
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Relativistic formalism-
kinematic subgroup of Poincare

• Lorentz transformation –transverse 
velocity v

k- such that k2 not changed
Just like non-relativistic with k+ as 
mass, take momentum transfer in perp 
direction, then density is 2 Dimensional  
Fourier Transform
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F1 = 〈p+,p′, λ|J+(0)|p+,p, λ〉

= J+(x−,b)

 Transverse charge density 
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Absent in a Drell-Yan Frame

From Marc Vanderhaeghen
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hep-ex/0602017 

Parameterizations of form factors-new data 
not in
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Negative 

Results

BBBA

Kelly
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Negative 

Results

BBBA

Kelly
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Negative F1 means 
central density 
negative

GeV2
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Neutral systems basic intuition

• particle 1, + charge,
• particle 2, - charge,    m2 = 0.14m1

9

2 4 6 8 10
!!!!!!!!!!!!
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FIG. 4: Form factor for a neutral system with one heavy and one light negatively charged constituent.

charged light particle resides on the outside edge of the system, and this causes the average charged radius squared
to be negative. Thus F (Q2) ∼ 1 − R2Q2/6 with R2 < 0.

One obtain the analytic result for the charge radius by taking the limit of very low Q2 in the expression for the
form factor Eq. (51). The expression is simplified if one uses the relevant for nucleon case of m1 = M , Then one finds:

M2R2 = − g2
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A very accurate approximation (better than 1% for m2
2 ≤ 0.14M2) is

M2R2 = − g2

4π2
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The radius is dominated by a singular term proportional to 1/m2
2.

IX. NON-RELATIVISTIC LIMIT

The conventional lore is that the electromagnetic form factor is the Fourier transform of the charge density. In this
section we see how this idea emerges by taking the non-relativistic limit.

Our starting point is the wave function Eq. (16) and the form factor Eq. (17). Recall that the quantity x = k+/P+.
We work in the rest frame and take the non-relativistic limit in which the energy k0 = m1. Then

x =
m1 + κ3

M
, 1 − x =

M − m1 − κ3

M
=

m2 − B − κ3

M
, (54)

in which, in conformation with non-relativistic notation we define the positive binding energy B so that

M = m1 + m2 − B. (55)
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A very accurate approximation (better than 1% for m2
2 ≤ 0.14M2) is
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The radius is dominated by a singular term proportional to 1/m2
2.

IX. NON-RELATIVISTIC LIMIT

The conventional lore is that the electromagnetic form factor is the Fourier transform of the charge density. In this
section we see how this idea emerges by taking the non-relativistic limit.

Our starting point is the wave function Eq. (16) and the form factor Eq. (17). Recall that the quantity x = k+/P+.
We work in the rest frame and take the non-relativistic limit in which the energy k0 = m1. Then

x =
m1 + κ3

M
, 1 − x =

M − m1 − κ3

M
=

m2 − B − κ3

M
, (54)

in which, in conformation with non-relativistic notation we define the positive binding energy B so that

M = m1 + m2 − B. (55)

Slope at origin is positive, as 
expected

m1 = M

Why is neutron different
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Neutron Interpretation needed
+

-

b
Why ? What? How? Combine elastic 
and deep inelastic scattering information. 
Generalized parton distribution

ρ
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Elastic Scattering
transverse quark
 distribution in 

coordinate space

DIS
longitudinal

quark distribution
in momentum space

DES (GPDs)
fully-correlated

quark distribution in 
both coordinate and 
momentum space

   

Generalized Parton Distributions : 
yield 3-dim quark structure of 

nucleon

Burkardt (2000,2003)

Belitsky,Ji,Yuan (2004)  

quark orbital angular momentum
Tuesday, June 23, 2009
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relate:high x, high Q2  , low b
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Neutron d quarks dominant at high x, to be tested

March 9, 2009 18:20 WSPC/INSTRUCTION FILE pionijmpe

Inclusive Exclusive Connection 11

emphasize the variation in width. The four ∆x regions yield 58%, 25%, 14%, and
3% of the total charge, with the largest contributions coming from the bins with
the smallest values of x. For x ≈ 0.1, the half-maximum width is 0.5 fm, while for
x ≈ 0.8, it is 0.12 fm. Thus the large x quarks (mainly u quarks in the proton) play
an increasingly prominent role in the charge distribution at small values of b. The
curves shown in Fig. 3 are obtained using the GPD of Ref. 22; The results obtained
from the Guidal et al, parameterization for the GPDs are barely distinguishable.
The GPDs of Ref.23 also have a strong tendency to be constrained to smaller and
smaller values of b as the value of x increases. We evaluate the GPDs of all three
models using the starting scale Q2

0 of each model.

Fig. 4. Ratio of u quarks to d quarks in the neutron from several analyses of deuteron and proton
data. The solid line is the CTEQ6L parameterization

Taking what we have learned from the proton, we now consider the neutron.
Figure 4 shows the ratio of the up- to down-quark distributions in the neutron,
as extracted from various analyses of deuteron and proton data 31,32,33 (using
different models for the nuclear corrections in dueterium), and from the CTEQ6L 26

parameterization. For x → 0, the up and down quark distributions are similar, and
the contribution to the charge distribution from this limit should be similar to
that of the proton; a broad distribution of net positive charge. For x = 0.3 and
above, the u quark distribution is less than half the d quark distribution, yielding
a net negative contribution to the charge. Because the distribution of quarks is
more localized near b = 0 as x increases, a negative peak can be formed if there
is a sufficiently large contribution from down quarks at large x values. Above x =

Neutron ratio  u/d
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Neutron charge distribution vs x

u

d

x<0.1

x>0.5

high x: d dominates at small b
Tuesday, June 23, 2009



Neutron ρ(b,x)

x=0.1 x=0.3

x=0.5

d dominates at high x, low b
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The neutron 

d
du + d

d
u +

u
d
u

π−

+
u
d
u

π−

α α β β

+ .....
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Relation between 3- dimensional and transverse densities-
experimentalists love to 3 D F transform form factors 

proach a constant for sufficiently large Q2. Extrapolation of

the LGE parametrization suggests that the asymptotic ratio

will be very small, but data at much larger Q2 are needed to

establish that level. An extension to 9 (GeV/c)2 has been

approved !72", but larger Q2 remains desirable. Similarly, the

present data for GEn /GMn are compatible with the Galster

parametrization but remain limited to rather small Q2. Con-

sequently, the extrapolation to larger Q2 is rather uncertain.

If an approved experiment using the 3He!(e! ,e!n) reaction
!73" achieves the proposed !13% statistical uncertainty at

Q2"3.4 (GeV/c)2, the error band will be reduced to about
the same width and the extrapolation much improved. Nev-

ertheless, there is little reason to expect the asymptotic limit

to be reached earlier for the neutron than for the proton.

Although a review of recent theoretical calculations is be-

yond the scope of the present work, it is probably worth

mentioning a few which describe the new GEp /GMp data

relatively well. Among these the earliest is the chiral soliton

model of Holzwarth !20", which predicted the linear de-
screase with respect to Q2 and a sign change near

10 (GeV/c)2. More recently !21", modifications of the vec-
tor meson parameters were made to improve the fits to the

neutron form factors, but the ratio GMn /GMp is not repro-

duced. Furthermore, because the chiral soliton model uses

#E"0 and #M"1, Holzwarth found it necessary to artifi-
cially increase the soliton mass in order to obtain reasonable

fits at large Q2. Alternatively, Lu et al. !74,75" obtained a
good fit to the GEp /GMp data for Q

2#3 (GeV/c)2 by ad-
justing the bag radius in the cloudy bag model, but the ratio

appears to level off well above the more recent data for

higher Q2. Note that this model uses #E"#M"1. The co-
variant calculation of Boffi et al. !76" using the point-form
spectator approximation provides reasonably accurate pre-

dictions of the form factors for Q2#5 (GeV/c)2, although
there remains a significant discrepancy for GMp near the end

of this range. The light-front calculations of Cardarelli and

Simula !77" using one-gluon exchange and the light-cone
diquark model of Ma et al. !78" also reproduce the linear Q2

dependence of GEp /GMp fairly well.

B. Densities

Proton charge and magnetization densities are compared

in Fig. 5. Both densities are measured very precisely, with

uncertainties at the origin better than 6% for magnetization

or 8% for charge. Incompleteness dominates in the interior

region while statistical errors become comparable in the sur-

face region. As shown by the variation of GEp /GMp in the

top panel of Fig. 4, the new recoil-polarization data for GEp

decrease more rapidly than either the dipole form factor or

the magnetic form factor for Q2$1 (GeV/c)2. Conse-
quently, we find that the charge density is significantly softer

than the magnetization density of the proton. The densities

obtained using LGE or FBE parametrizations are practically

indistinguishable and are independent of the choice of b or

Rmax over wide ranges. These densities are similar to the

Gaussian densities one might expect from a quark model and

are more realistic than the exponential density that results

from naive nonrelativistic inversion of the dipole form factor.

Neutron densities are shown in Fig. 6. We find that the

magnetization density for the neutron is very similar to that

for the proton, although the interior precision is not as good

because the range of Q2 is smaller and the experimental

uncertainties larger. Limitations in the range and quality of

the GEn data presently available result in a substantially

wider error band for the neutron charge density. Data at

higher Q2 are needed to improve the interior precision, but a

useful measurement of the interior charge density is obtained

nonetheless. The positive interior density is balanced by a

negative surface lobe. Note that polarization measurements

are sensitive to the sign of the density.

Whereas Figs. 5 and 6 emphasize the interior densities, it

is also of interest to compare these densities in the surface

and tail regions. Figures 7 and 8 use a factor of r2 to empha-

size these surface and tail densities. Although the densities

are small, the reduced slopes seen between 1 and 1.5 fm in

the neutron magnetization and in both the charge and the

magnetization densities for the proton are seen as significant

peaks in r2$ . Virtually identical features also emerge using
the FBE parametrization. These features are independent of b

for the LGE or Rmax for the FBE parametrization over wide

FIG. 5. Comparison between charge ($ch) and magnetization
($m) densities for the proton fitted using the LGE parametrization
with #E"#M"2. Both densities are normalized to %dr r2$(r)
"1.

FIG. 6. Charge ($ch) and magnetization ($m) densities for the
neutron fitted using the LGE parametrization with #E"#M"2.

NUCLEON CHARGE AND MAGNETIZATION DENSITIES . . . PHYSICAL REVIEW C 66, 065203 &2002'

065203-11

proach a constant for sufficiently large Q2. Extrapolation of

the LGE parametrization suggests that the asymptotic ratio

will be very small, but data at much larger Q2 are needed to

establish that level. An extension to 9 (GeV/c)2 has been

approved !72", but larger Q2 remains desirable. Similarly, the

present data for GEn /GMn are compatible with the Galster

parametrization but remain limited to rather small Q2. Con-

sequently, the extrapolation to larger Q2 is rather uncertain.

If an approved experiment using the 3He!(e! ,e!n) reaction
!73" achieves the proposed !13% statistical uncertainty at

Q2"3.4 (GeV/c)2, the error band will be reduced to about
the same width and the extrapolation much improved. Nev-

ertheless, there is little reason to expect the asymptotic limit

to be reached earlier for the neutron than for the proton.

Although a review of recent theoretical calculations is be-

yond the scope of the present work, it is probably worth

mentioning a few which describe the new GEp /GMp data

relatively well. Among these the earliest is the chiral soliton

model of Holzwarth !20", which predicted the linear de-
screase with respect to Q2 and a sign change near

10 (GeV/c)2. More recently !21", modifications of the vec-
tor meson parameters were made to improve the fits to the

neutron form factors, but the ratio GMn /GMp is not repro-

duced. Furthermore, because the chiral soliton model uses

#E"0 and #M"1, Holzwarth found it necessary to artifi-
cially increase the soliton mass in order to obtain reasonable

fits at large Q2. Alternatively, Lu et al. !74,75" obtained a
good fit to the GEp /GMp data for Q

2#3 (GeV/c)2 by ad-
justing the bag radius in the cloudy bag model, but the ratio

appears to level off well above the more recent data for

higher Q2. Note that this model uses #E"#M"1. The co-
variant calculation of Boffi et al. !76" using the point-form
spectator approximation provides reasonably accurate pre-

dictions of the form factors for Q2#5 (GeV/c)2, although
there remains a significant discrepancy for GMp near the end

of this range. The light-front calculations of Cardarelli and

Simula !77" using one-gluon exchange and the light-cone
diquark model of Ma et al. !78" also reproduce the linear Q2

dependence of GEp /GMp fairly well.

B. Densities

Proton charge and magnetization densities are compared

in Fig. 5. Both densities are measured very precisely, with

uncertainties at the origin better than 6% for magnetization

or 8% for charge. Incompleteness dominates in the interior

region while statistical errors become comparable in the sur-

face region. As shown by the variation of GEp /GMp in the

top panel of Fig. 4, the new recoil-polarization data for GEp

decrease more rapidly than either the dipole form factor or

the magnetic form factor for Q2$1 (GeV/c)2. Conse-
quently, we find that the charge density is significantly softer

than the magnetization density of the proton. The densities

obtained using LGE or FBE parametrizations are practically

indistinguishable and are independent of the choice of b or

Rmax over wide ranges. These densities are similar to the

Gaussian densities one might expect from a quark model and

are more realistic than the exponential density that results

from naive nonrelativistic inversion of the dipole form factor.

Neutron densities are shown in Fig. 6. We find that the

magnetization density for the neutron is very similar to that

for the proton, although the interior precision is not as good

because the range of Q2 is smaller and the experimental

uncertainties larger. Limitations in the range and quality of

the GEn data presently available result in a substantially

wider error band for the neutron charge density. Data at

higher Q2 are needed to improve the interior precision, but a

useful measurement of the interior charge density is obtained

nonetheless. The positive interior density is balanced by a

negative surface lobe. Note that polarization measurements

are sensitive to the sign of the density.

Whereas Figs. 5 and 6 emphasize the interior densities, it

is also of interest to compare these densities in the surface

and tail regions. Figures 7 and 8 use a factor of r2 to empha-

size these surface and tail densities. Although the densities

are small, the reduced slopes seen between 1 and 1.5 fm in

the neutron magnetization and in both the charge and the

magnetization densities for the proton are seen as significant

peaks in r2$ . Virtually identical features also emerge using
the FBE parametrization. These features are independent of b

for the LGE or Rmax for the FBE parametrization over wide

FIG. 5. Comparison between charge ($ch) and magnetization
($m) densities for the proton fitted using the LGE parametrization
with #E"#M"2. Both densities are normalized to %dr r2$(r)
"1.

FIG. 6. Charge ($ch) and magnetization ($m) densities for the
neutron fitted using the LGE parametrization with #E"#M"2.
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Figure 2.5: On the left is the distribution of the charge within the neutron, the combined result of experiments around the 
globe that use polarization techniques in electron scattering. On the right is that of the (much larger) proton distribution for 
reference. The widths of the colored bands represent the uncertainties. A decade ago, as described in the 1999 NRC report 
(The Core of Matter, the Fuel of Stars, National Academies Press [1999]), our knowledge of neutron structure was quite limited and 
unable to constrain calculations, but as promised, advances in polarization techniques led to substantial improvement.

But quarks can have a transverse spin preference, denoted as 
transversity. Because of effects of relativity, transversity’s rela-
tion to the nucleon’s transverse spin orientation differs from 
the corresponding relationship for spin components along its 
motion. Quark transversity measures a distinct property of 
nucleon structure—associated with the breaking of QCD’s 
fundamental chiral symmetry—from that probed by helicity 
preferences. "e first measurement of quark transversity has 
recently been made by the HERMES experiment, exploiting 
a spin sensitivity in the formation of hadrons from scattered 
quarks discovered in electron-positron collisions by nuclear 
scientists in the BELLE Collaboration at KEK in Japan.

Fueled by new experiments and dramatic recent advances 
in theory, the entire subject of transverse spin sensitivities in 
QCD interactions has undergone a worldwide renaissance. 
In contrast to decades-old expectations, sizable sensitiv-
ity to the transverse spin orientation of a proton has been 
observed in both deep-inelastic scattering experiments with 
hadron coincidences at HERMES and in hadron production 
in polarized proton-proton collisions at RHIC. "e latter 
echoed an earlier result from Fermilab at lower energies, 
where perturbative QCD was not thought to be applicable. 
At HERMES, but not yet definitively at RHIC, measure-
ments have disentangled the contributions due to quark 
transverse spin preferences and transverse motion preferences 
within a transversely polarized proton. "e motional prefer-
ences are intriguing because they require spin-orbit correla-

tions within the nucleon’s wave function, and may thereby 
illuminate the original spin puzzle. Attempts are ongoing to 
achieve a unified understanding of a variety of transverse spin 
measurements, and further experiments are planned at RHIC 
and JLAB, with the aim of probing the orbital motion of 
quarks and gluons separately.

"e GPDs obtained from deep exclusive high-energy 
reactions provide independent access to the contributions 
of quark orbital angular momentum to the proton spin. As 
described further below, these reaction studies are a promi-
nent part of the science program of the 12 GeV CEBAF 
Upgrade, providing the best promise for deducing the orbital 
contributions of valence quarks.

The Spatial Structure of Protons and Neutrons
Following the pioneering measurements of the proton 

charge distribution by Hofstadter at Stanford in the 1950s, 
experiments have revealed the proton’s internal makeup with 
ever-increasing precision, largely through the use of electron 
scattering. "e spatial structure of the nucleon reflects in 
QCD the distributions of the elementary quarks and gluons, 
as well as their motion and spin polarization.

Charge and Magnetization Distributions of Protons and 
Neutrons. "e fundamental quantities that provide the 
simplest spatial map of the interior of neutrons and protons 
are the electromagnetic form factors, which lead to a picture 
of the average spatial distributions of charge and magnetism. 
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Neutron charge density Proton charge density

NSAC 2007

Sorry, not correct!  No density interpretation of 3D FT of form factors
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How to construct similar pictures 
to show experimental progress

ρ1(r) ≡
∫

d3r

(2π)3
e−i!q·!rF1(#q 2)

∫ ∞

−∞
dz ρ1(

√
b2 + z2) =

∫
d2b

(2π2)
e−ib·qF1(q2) = ρ(b)

r =
√

b2 + z2

Basically-to get densities integrate the ones you had over z.
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Summary
• Transverse densities give model-independent 

charge density in infinite momentum frame. 
•  3 D FT only gives the charge density in non-

relativistic, weak binding limit -e.g nuclei.
• The central transverse charge density of 

neutron is negative
• There are d quarks at the center of the 

neutron
• Transverse density can be obtained by 

integration over z
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Spares follow
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Total neutron charge distribution

totalx<0.23

x>0.23

d dominates at high x, low b
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 How to tell how big something is?

• Look 
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Proton
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 How to tell how big something is?

• Look 

e

e’

PProton

P+q

q

Proton

Non rel form factor -old

Structure factor
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proton e.m. form factor : status 

green : Rosenbluth data (SLAC, JLab)

Pun05
Gay02

JLab/HallA 

recoil pol. data

 new JLab/HallC recoil pol. exp. (spring 2008) : 
extension up to Q2 ≈ 8.5 GeV2  new MAMI/A1 data up to Q2 ≈ 0.7 GeV2 
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neutron e.m. form factor : status 

JLab/CLAS
JLab/HallA

MAMI
JLab/HallC

 new JLab/HallA double pol. exp. (spring 07) : 
extension up to Q2 ≈ 3.5 GeV2 completed 

 new MIT-Bates (BLAST) data 
for both p and n at low Q2  
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